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OBJECTIVE

10 To determine if intravenous inoculation of bordetella pertussis
vacc=.ine "primes" Rhesus monkeys to develop exaggerated viremias and antibody
responses when the animals are subsequently inoculated with infectious flavi-
viruses 0

20 To compare the antibody response of the "pertussis primed" monkeys to
tha1t: of normal uninoculated control animals and control animals experiencing
a secondary type antibody response.

BACK.GROUND ~ Typically Rhesus monkeys develop very mild infections when
inoc:u1ated with wild or prototype denge (D) and Japanese encephalitis (JEJ)strains. 

with no observable signs or symptoms and low level viremias (1-210gs)0

Whitehead et alo(l) reported preliminary observations of increased viremia
in gibbons inoculated intravenously with bordetella vaccine; similar preliminary
observations have been made in rhesus monkeys (Halstead~ personal communication).

We reasoned that if in fact viremia levels could be augmented by prechallenge
pertussis inoculation:l this might provide a more rigorous model for vaccine
efficiency testing.

Virus typing in the Department of Virology by the plaque reduction neutral-
iza.tion (PRNT) method for the past decade has employed monkey antisera raised
against local So~.ltheast Asian strains of dengue viruses. Although these sera
ha.ve been used with great effectiveness, reference sera raised against the
prot9type strains of virus could be valuable for periodic validation of the
typing techniqueo The high mouse passage prototype strains in this laboratory
often. provoke only a weak HI and neutralizing antibody responseo As a seporate
cont:t'ol gJ:'oup for the pertussis primed monkeys~ we also investigated the
antibody response of monkeys on rechallenge with homologous prototype virus
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six months after original challenge.

METHODS

Rhesus monkeys~ The rhesus monkeys challenged were divided into three groups
(1) Norma1s~ no previous f1avivirus exposure, no pertussis inoculation (2)

lmmunes: previous inoculation with homologous prototype dengue or JEV proto-
type virus 6 months previously, no pertussis inoculation (3) Pertussis inoculated:
no previous flavivirus exposure; 2.0 m1 of pertussis vaccine intravenously on
day-l and 2uO m1 intravenously on day 2. All normal and pertussis inoculated
monkeys were shown to be antibody free for dengue-l-4 and JEV by HAl and PRNTSO
before the start of the experiment. The antibody response of the "immunes"
to original challenge six months previously is shown in Table 10

Viruses~ Dengue 1 (Hawaii) SM16 (2 x 106pFU/o1 m1);6Dengue 2 (New Guinea C)
SM30 (:~ x 10~PFU/o1 ml); Dengue 3 (H87) SM26 (9 x 10 PFU/"l m1); Dengue 4 (H241)
SM32 (8 x 10 PFU/.1 m1); JEV (Nakayama) SM13 (2 x 108pFU/.1 m1). One m1 of a
20% fresh mouse brain preparation of each virus strains in normal saline was
inoculated into monkeys intravenously.

Vaccine: Plain Bordetella pertussis vaccine, 20 x 106/0.5 ml, lot 25 April
1979 (courtesy of Drn Nathirat Sankavipa, Director, Virus Institute. Department
of Medical Science, Ministry of Public Health) v

B.100d samples: Three m1 of heparinized blood was obtained from each animal on
days -]~, 0, 2,4,6, 8, and 10 for determination of complete blood count and
virus isolation studies. Blood without heparin for serologic studies was
obtained on the following schedule: 10 m1 on days -1,0, 6t and 10; 25 m1 on
days 1~) and 20; 30 m1 on day 30 ~ 35, and 59.

Viremia assays: A 1:1 mixture of plasma with buffy coat was assayed for virus
by the direct and delayed plaque techniques in LLC-Mk2 cells and by the
mosquito inoculation technique (Toxorhynahites)" Detection of virus in inoculated
mosquitoes was performed by examination of head squash preparations by direct
fluorescence and by inoculation of thorax-abdomen suspensions into LLC-Mk2
cells for both direct and delayed plaque assays"

Serology~ Antibody responses were measured against Dl-4 and JEV by a standard
laborat.ory microtiter adaptation of the HAl method of Clark and Cassals, and
by micro titer adaptation of the plaque reduction neutralization test on LLC-Mk2

cells"

RESULTS

Hematology: 

The normal and immune monkeys developed a polymorphonuclear
leukocytopenia on day 2 post infection; 4 of 5 monkeys in each group remained
granulocytopenic for the duration of the study" The pertussis-inoculated
group developed a prominent granulocytosis on day 0; although the total
granu~ocyte counts fell in these monkeys, they never dropped below the pre-
inocu~ation levels. Total lymphocyte counts remained unchanged in the normal
and immune groups; in the pertussis inoculated group a relative lymphocytosis
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appeared on day 6~ was prominent on day 8, and returned to normal on day 100
Res;u1ts are presented in Figure 10

Viremia: 

Results of buffy coat-plasma mixture assays for virus are presented
in Table II. Overall viremia was detected in" 10 of the 15 study monkeys: 1 of
5 immunes, 4 of 5 normals, and 5 of 5 pertussis inoculated. A total of 16
b1olod specimens yielded virus isolates; virus was detected by the plaque assay
on LLC-Mk2 cells in 3, by mosquito head squash fluorescence in 11, and by
assay of thorax-abdomen suspensions on LLC-cells in 15.

Antibody response: The HAl antibody responses of infected monkeys are shown
in Figure 2 and Table ill. For every virus type the immune monkeys developed
the~ most rapid and highest antibody response, the normal monkey produced a
slolwer and somewhat lower response, and the pertussis primed monkey had the
slolwest and lowest response. Four of 5 normal monkeys had developed early
ant:ibody by day 6, compared to only 1 of 5 -pertussis inoculated monkeys. Both
the: primary and secondary antibody responses of the D-2 challenged monkeys
sholwed considerable HAl cross reactions to heterologous antigens, especially
to dengue type-4.

Plaque reduction neutralization (PRNT) antibody titers are presented in
Table IV. Titers were invariably highest against the homologous virus type.
In every instance the ~ormal monkey.develop.ed a greater P~T antibody response
than the corresponding'pertussis'immunized'm6hk~y, and the previou'sly inoculated
moIJlkeys invariably developed the broadest antibody responses.
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